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Abstract Objectives: To determine levels of potential
and actual dermal exposure to cyclophosphamide (CP)
during performance of oncology-related tasks in hospi-
tals and to investigate the relationship with potential
sources and surface contamination levels of CP.
Methods: Dermal exposure to CP was determined for
tasks with potential exposure to CP: preparation of CP,
decanting of patients’ urine, washing of the patient, re-
moval of bed sheets of treated patients and cleaning of
patients’ toilets on oncology wards. Exposure was as-
sessed by the collection of nitrile and latex protective
medical gloves (potential exposure), washing of hands
(actual exposure), from cotton pads attached to
(un)covered forearms (potential or actual exposure) and
a wipe sample of the forehead (actual exposure). Bulk
samples (i.e. application fluids and patients’ excreta) and
possible contact surfaces were monitored to assess the
amount of CP available for dermal exposure. Results:
Pharmacy technicians, oncology nurses and cleaning
personnel showed actual and potential dermal exposure
to CP during performance of their daily duties. Expo-
sure occurred predominantly on the hands and sporad-
ically on the forehead and forearms. Although all nurses
used gloves during handling of patients’ urine and
sometimes during the other nursing tasks, skin under-
neath gloves was repeatedly contaminated. Results of
tests on bulk and surface contamination samples con-
firmed that patients intravenously treated with CP ex-
crete the unmetabolised drug, which could subsequently

lead to dermal exposure of hospital personnel. A clear
relationship was found between dermal exposure levels
and direct sources of exposure for all tasks, except for
handling patients’ urine. Conclusions: We demonstrated
for the first time that actual dermal exposure to CP is
common among oncology nurses working with patients
treated with this anti-neoplastic drug. Pharmacy tech-
nicians and cleaning personnel, on the other hand, are
potentially exposed to CP, and protection provided by
gloves seemed to be sufficient.
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Introduction

Occupational exposure to anti-neoplastic agents has
been proven to cause reproduction toxic effects (Selevan
et al. 1985; Stücker et al. 1990) as well as mutagenic
activity in urine, and chromosomal aberrations and
sister chromatid exchange in lymphocytes (Waksvik
et al. 1981; Pohlová et al. 1986; Milkovic-Kraus and
Horvat 1991; Sardas et al. 1991; Goloni-Bertollo et al.
1992; Sessink et al. 1994a, 1995). The pathway through
which hospital personnel are exposed to these hazardous
drugs is not known, but dermal exposure has been
suggested to be the main route of exposure (McDevitt
et al. 1993; Sessink et al. 1992b, 1994b; Kromhout et al.
2000). Studies that focussed on measuring the dermal
route of exposure found gloves to be contaminated with
anti-neoplastic agents during preparation and adminis-
tration of these drugs (Sessink et al. 1994b, 1997; Minoia
et al. 1998). Subsequently, this has led to the introduc-
tion of closed infusion systems, increased awareness of
pharmacy technicians and nurses of the potential haz-
ards, and the subsequent safer handling of highly con-
centrated anti-neoplastic drugs during preparation and
administration. However, little attention has been paid
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to other potential exposure moments during nursing and
cleaning tasks involving treated patients. In a recent
pilot study on dermal exposure to cyclophosphamide
(CP) in hospitals, we found pharmacy technicians,
oncology nurses and cleaning personnel to be exposed to
CP via the dermal route during performance of their
daily duties (Fransman et al. 2004).

The aims of this study were to determine levels of
potential and actual dermal exposure to CP during
performance of oncology-related tasks in hospitals and
to study the relationship of potential dermal exposure
levels with potential sources and surface contamination
levels of CP. To do so we measured in four hospitals the
potential and actual dermal exposure to CP of (1)
pharmacy technicians during preparation of CP; (2)
oncology nurses during: handling of CP-treated patients’
urine, washing of CP-treated patients, and removal of
their bed sheets; (3) cleaning personnel during cleaning
of CP-treated patients’ toilets. Dermal exposure was
measured at the hands, forehead, and forearms, because
results of a pilot study did not find body locations other
than these to be frequently contaminated with CP dur-
ing the five tasks observed (Fransman et al. 2004). Bulk
samples (application fluids and patients’ excreta) and
surface contamination samples were collected to eluci-
date and quantify the strength of potential sources of
exposure.

Materials and methods

CP is one of the many anti-neoplastic agents that are
frequently used in Dutch hospitals and for which sen-
sitive analytical techniques are available. Therefore,
exposure to CP was chosen as a measure of exposure to
anti-neoplastic drugs. Dermal exposure to CP was
repeatedly measured in four hospitals during the per-
formance of five tasks: (1) preparation of CP, (2) han-
dling of CP-treated patients’ urine, (3) washing of CP-
treated patients, (4) removal of sheets from CP-treated
patients’ beds and (5) cleaning of CP-treated patients’
toilets. Measurements on oncology wards were taken the
morning after CP had been intravenously administered
to the patient, when one nurse successively performed
the three nursing tasks (handling urine, washing the
patient and removing bed sheets) related to the same
patient. This study was approved by the Dutch ethics
committee (University Medical Centre, Utrecht, The
Netherlands), and all study subjects gave written
informed consent prior to their inclusion in the study.

Dermal exposure measurements

Medical (latex or nitrile) gloves (if used) were collected
(left and right glove pooled as one sample), after per-
formance of the task, as a measure of potential exposure
to the hands. If a double pair of gloves was used, only
the outer pair was collected. Subsequently, both hands

were washed in a polyethylene bag with 250 ml of 10%
isopropanol solution, to enable us to assess actual
exposure of the hands (Brouwer et al. 2000), of which
approximately 40 ml was collected in a 50-ml polypro-
pylene tube. Cotton pads (10·10 cm) were attached with
surgical tape to the outside of protective clothing at the
forearms (left and right) of pharmacy technicians. In
contrast to pharmacy technicians, nurses’ and cleaners’
forearms were not covered by clothing, so pads were
attached directly to the skin of the forearms. The backs
of all cotton pads were laminated with polyethylene to
avoid contamination from the clothing or skin to the
pad. Pads from the forearms (left and right) were pooled
and analysed as one sample. Since it was not desirable
(for normal patient–nurse interactions) for a cotton pad
to be attached to the forehead, a wipe sample of the
forehead (5·3 cm) was taken at the end of the task with
two tissues and 10 ml of 10% isopropanol solution.
Pads, gloves and forehead wipe samples were stored in
polyethylene containers (250 ml) at �20 �C till required
for analysis.

Bulk and surface contamination samples

In addition to potential and actual dermal exposure
measurements, bulk and surface contamination samples
were taken to assess the amount of CP to which hospital
personnel could potentially be exposed (i.e. source
strength) during the tasks performed. The concentration
of CP was determined in: patients’ urine, washing water
(+ soap) after the patient had been washed, and
cleaning water (+ detergent) after a patient’s toilet had
been cleaned. Using two tissues and 20 ml of 0.03 M
sodium hydroxide solution we took wipe samples of the
total surface of: (1) the front edge of safety cabinets in
hospital pharmacies, (2) the outside of infusion bags and
syringes prepared in hospital pharmacies, (3) outer uri-
nals and bedpans before they had been rinsed, (4) inner
bedpans after they had been rinsed in a urinal/bedpan-
washer, (5) toilet seats after they had been cleaned, and
(6) mop rods after the toilet floor had been scrubbed.
Furthermore, cleaning cloths, washcloths, an excised
section of towels (100 cm2), two excised sections of bed
sheets (2·100 cm2, corresponding to the back and lower
abdomen of the patient), and an excised section of the
top side of pillowcases (100 cm2) were collected for
analysis of CP contamination. Before sheets were re-
moved from the bed by the oncology nurse, the top side
of the pillow and two sections of the bed sheet were
vacuum cleaned to see whether CP (attached to textile
fibres and/or other particles) could potentially be re-
leased from the sheet or pillowcase thereby causing
exposure by inhalation. Dust samples were collected on
glass fibre filters (; 70 mm) with a sampling nozzle
manufactured by ALK Laboratories (Horsholm, Den-
mark) and a 1,000 W Rowenta vacuum cleaner (van
Strien et al. 1994). The two sections that were cut out
from the bed sheet were located directly next to the two
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sections of the sheet that were vacuum cleaned. All
samples were stored at �20 �C till required analysis.

Analysis of samples

Pad, glove, wipe and cloth samples were extracted with
160 ml (dust filters were extracted with 40 ml) of 0.03 M
sodium hydroxide solution and subsequently analysed
for CP with gas chromatography–tandem mass spec-
trometry (GC–MSMS) as described previously (Sessink
et al. 1993). Liquids (i.e. handwash, urine, washing water
and cleaning water) were directly analysed for CP by the
same GC–MSMS method. The analytical method de-
scribed had a limit of detection (LOD) of 0.1 ng/ml. The
analytical-standard CP was purchased from Asta-Med-
ica and was of the highest purity obtainable (>97%).

Quality assurance

For each kind of sampling material one field blank
sample per task was taken. None of the blank dermal
exposure samples was above the instrument detection
limit (IDL). Four blank bulk and wipe samples appeared
to be on or just above the IDL of 0.1 ng/ml (two wipe
samples, 0.10 ng/ml and 0.16 ng/ml; washing water,
0.18 ng/ml; vacuum sample, 0.30 ng/ml). Therefore,
LOD and limit of quantification (LOQ) could not be
justifiably calculated. The LOD was thus treated as
equivalent to the IDL of 0.1 ng/ml. Average recovery
efficiencies of CP for the analysed dermal sampling
matrices were 107% (SD=8%) for handwash solution,
110% (SD=11%) for pads and 117% (SD=22%) for
forehead wipe samples, as previously determined
(Fransman et al. 2004). The results of those sampling
matrices were, therefore, not corrected for recovery
efficiency. Results of glove samples were corrected for an
average recovery estimated at 58% (SD=17%) for latex
gloves in an earlier study (Sessink et al. 1992a).

Statistical analysis

Data were analysed with SAS statistical software (ver-
sion 8.02; SAS Institute, Cary, N.C., USA). In situations
where sample values were below the LOD, 0.5LOD was
substituted for sample values (Hornung and Reed 1990).
Dermal exposure levels appeared to approximate a
lognormal rather than a normal distribution, so sum-
mary statistics are presented both as arithmetic and
geometric mean levels. Differences between hospitals in
dermal exposure and bulk and surface contamination
levels were tested with a general linear model (PROC
GLM) in SAS. In this model, the hospital was treated as
an independent variable. The glove level of protection
was calculated by dividing the CP contamination on
gloves by the CP contamination on gloves plus the
CP contamination on the bare skin of hands (glove

protection = [CPgloves/(CPgloves+CPhandwash)]). Mea-
surements for gloves below the LOD and handwash
below the LOD were not included in the calculation of
the average glove protection level. When only one of the
two sampling matrices (gloves or handwash) was below
the LOD, glove protection was calculated from 0.5LOD
for the value below LOD. Pearson correlation coeffi-
cients were calculated from natural log-transformed
data to enable us to examine the relationship between
the administered CP dose and CP levels in patients’
excreta the morning after administration and to study
the interrelationship between the various sources and
potential dermal exposure levels on the hands.

Results

Task characteristics by hospital are presented in Table 1.
Hospitals 1 and 2 are academic hospitals, hospitals 3
and 4 are district hospitals. In hospital 2, measurements
were taken in the haematology department, where CP
was administered in higher concentrations than in the
oncology departments in the other three hospitals.
Gloves were worn at all times during CP preparation
(latex gloves), the handling of CP-treated patients’ urine
(latex or nitrile gloves) and the cleaning of CP-treated
patients’ toilets (latex or nitrile gloves). During the
washing of CP-treated patients and removal of their bed
sheets, gloves were worn as a rule in hospital 2 only and
not in any of the other hospitals. The decision of which
types of gloves were to be used was made by the hospital
and differed between hospital and task (Table 1).

Table 2 shows the number of detectable samples
(n>LOD) and average exposure levels per body loca-
tion per task in nanogrammes per task (ng/task). Results
from forearms and forehead reflect the amount (mass) of
CP found on the sampling location only (i.e. 200 and
15 cm2) and were not extrapolated to estimate exposure
to the entire body location (i.e. forearms and forehead).
For all tasks CP contamination was found mainly on the
hands (gloves and handwash samples) and sporadically
on forehead and forearms.

Pharmacy technicians

Preparation of CP was performed in hospital pharmacies
in safety cabinets (laminar down flow) by trained phar-
macy technicians wearing an apron, surgical mask, hair
cover (a hood was used in hospital 3) and latex surgical
gloves (27% wore two pairs of gloves). During prepa-
ration of CP, all gloves were contaminated with CP
[geometric mean (GM)=106.1 ng/task], while hands
underneath gloves appeared to be contaminated only
once (4%>LOD) (Table 2). This indicates that gloves
protect hands well during CP preparation. Sporadically,
the forehead (13%>LOD) and forearms (4%>LOD)
were contaminated. The front edge of safety cabinets
(46%>LOD; GM=20.9 ng) and the outside of infusion
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bags or syringes (25%>LOD; GM=16.2 ng) appeared
to be contaminated with CP (Table 3). No differences
between hospitals in potential dermal exposure and
surface contamination were found for preparation of CP.
The possible extra protection of wearing two pairs of
gloves could not be determined because only one hand-
wash sample was above the LOD during preparation.

Oncology nurses

Oncology nurses performed three nursing tasks (han-
dling CP-treated patients’ urine, washing CP-treated
patients and removing their bed sheets) on oncology
wards. All nurses used examination gloves (46% nitrile
and 54% latex) while handling CP-treated patients’ ur-
ine, 36% of nurses used gloves (80% nitrile and 20%
latex) while washing CP-treated patients and 29% of
nurses used gloves (nitrile) during removal of the bed
sheets of CP-treated patients. During all three nursing
tasks on oncology wards (handling urine, washing pa-
tients, removing bed sheets) gloves and the skin of hands
appeared to be repeatedly contaminated with CP. Spo-
radically, forehead and forearms were contaminated
with CP. Not surprisingly, the nursing task with the least
contained sources of exposure (washing patients)
showed most detectable samples on the forehead and
forearms (25% and 11% above the LOD, respectively),
while the nursing task with the best contained source of
exposure (handling urine) showed the least detectable
samples on the forehead and forearms (8% and 0%
above the LOD, respectively) (Table 2). During the
handling of CP-treated patients’ urine, gloves were worn
by all nurses. Nevertheless, the skin underneath gloves
appeared to be contaminated with CP several times,
indicating poor glove protection (GM=38.3%; range
9.0–91.0%). It is noteworthy that eight handwash
samples appeared to be contaminated, while CP

contamination on concurrent gloves during handling of
urine was not detectable, suggesting that the skin might
not be contaminated through penetration of gloves.
Gloves were not regularly worn during the washing of
CP-treated patients and removal of their bed sheets,
which is reflected in the CP contamination found on the
skin of hands (handwash samples). When gloves were
used during the washing of CP-treated patients, pro-
tection of gloves was reasonably good (GM=81.7%;
range 39.8–97.1%). During the removal of bed sheets of
CP-treated patients, the use of gloves seemed to be less
effective (GM=38.9%; range 7.7–79.9%) (Table 2). No
differences between hospitals in potential or actual
dermal exposure levels during nursing tasks were found.

During all three nursing tasks in oncology wards
multiple potential exposure sources of CP were present.
Patients’ urine contained high levels of CP
(GM=14,696 ng/ml), and the outside of all urinals and
bedpans appeared to be contaminated with CP
(GM=153.9 ng). One out of five bedpans appeared still
to be contaminated with low levels of CP after being
washed (GM=10.9 ng). The water, cloth and excised
section of the towel used for washing CP-treated
patients were all frequently contaminated with
CP (GMwater=43.6 ng/ml; GMcloth=2,135 ng;
GMtowel=436.2 ng). Furthermore, excised sections of
CP-treated patients’ pillowcases and bed sheets
appeared to be repeatedly contaminated with CP
(GMpillowcase=97.8 ng; GMsheet, patient’s back=48.8 ng;
GMsheet, patient’s abdomen=64.0 ng) as well as vacuum
samples taken from pillows and bed sheets
(GMpillow=142.2 ng; GMsheet=78.4 ng) (Table 3).

Cleaning personnel

Cleaners (who were not part of the nursing staff) cleaned
CP-treated patients’ toilets using examination gloves

Table 1 Glove use and range of CP dose administered per hospital during the measurement period

Parameter Academic hospitals District hospitals

Hospital 1 Hospital 2 Hospital 3 Hospital 4

Preparation
Glove use – 100% 1 pair (latex) 90% 1 pair (latex),

10% 2 pairs (latex)
100% 2 pairs (latex)

Range in amount of prepared CP – 1,000–5,976 mg 900–4,200 mg 2,000–12,000 mg
Handling urine
Glove use 100% 1 pair (nitrile) 100% 1 pair (nitrile) 100% 1 pair (latex) 100% 1 pair (latex)
Range in administered CP dose 150–3,750 mg 3,000–6,000 mg 800–1,200 mg 1,870–2,150 mg
Washing patient
Glove use No gloves used 100% 1 pair (nitrile) No gloves used 60% no gloves used,

40% 1 pair (latex)
Range in administered CP dose 150–3,750 mg 3,000–6,000 mg 800–1,200 mg 1,720–2,150 mg
Removing bed sheets
Glove use No gloves used 100% 1 pair (nitrile) No gloves used No gloves used
Range in administered CP dose 150–3,750 mg 3,000–6,000 mg 800–1,200 mg 1,720–2,150 mg
Cleaning toilet
Glove use 100% 2 pairs (nitrile) 100% 1 pair (latex) 100% 1 pair (latex) 100% 1 pair (latex)
Range in administered CP dose 150–3,750 mg 4,320–5,220 mg 900–1,200 mg 1,720–1,930 mg
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(26% nitrile and 74% latex), of which 26% used a
double pair of gloves. During the cleaning of CP-treated
patients’ toilets, gloves of cleaning staff appeared to be
repeatedly contaminated with CP, but not the skin of
hands underneath gloves, which indicates that gloves
protect the hands well during cleaning (Table 2). The
cleaning cloth and mop rod were frequently contami-
nated with CP after the task was performed
(GMcloth=1,171 ng; GMmop rod=15.6 ng), and the wa-
ter used for cleaning appeared only to be contaminated
when the cloth was rinsed out in the cleaning water (and
not when this did not happen) (GMwater=0.22 ng/ml).
The toilet seat appeared to be still highly contaminated
with CP after it had been cleaned (GM 458.5 ng), indi-
cating that the cleaning procedure used was not ade-
quate to remove all contamination from CP-treated
patients’ toilets. Gloves and cleaning cloths of cleaning
staff in hospital 2 appeared to be significantly (P< 0.05)
more highly contaminated than in the other three hos-
pitals. However, in hospital 2 (in contrast to the other
hospitals), the toilet was located inside the bathroom, so
gloves and cloths were used for cleaning the entire
bathroom, which could have caused higher contamina-
tion levels.

Relationship between exposure levels and potential
sources

The relations between potential dermal exposure levels
and potential sources of exposure are illustrated in

Figs. 1, 2 and 3 for pharmacy technicians, oncology
nurses and cleaning personnel, respectively. Figure 1
shows that direct exposure from the source is the most
likely dermal exposure pathway during preparation of
CP (r=0.58; P=0.002; N=26), and probably not the
indirect exposure route through surface contamination.
During the handling of patients’ urine neither direct
contact with the contaminated urine (r=�0.06;
P=0.76; N=26) nor contact with the contaminated
urinal or bedpan (r=�0.07; P=0.83; N=11) seems to
be the main pathway through which exposure occurs.
During the washing of treated patients, direct contact
with the washcloth (r=0.78; P<0.0001; N=28), the
contaminated water (r=0.58; P=0.001; N=28) and
towel (r=0.71; P< 0.0001; N=28) seem to be closely
related to potential dermal exposure to the hands.
During removal of bed sheets, potential dermal expo-
sure levels were more strongly correlated with CP levels
in sheets (i.e. excised section of sheet corresponding to
patient’s back + excised section of sheet corresponding
to patient’s abdomen) (r=0.67; P=0.0001; N=28)
than CP levels in pillowcases (r=0.22; P=0.27;
N=28). The correlation between CP levels in pillows
and CP levels in vacuum samples from pillows was
moderate (r=0.36; P=0.057; N=28), just as the cor-
relation between CP levels in sheets and CP levels in
vacuum samples from sheets (r=0.55; P=0.002;
N=28). Figure 3 shows that during the cleaning of CP-
treated patients’ toilets, potential dermal exposure is
most likely to come from the cleaning cloth (r=0.66;
P=0.0039; N=17).

Table 3 Median CP concentrations in bulk and surface contamination samples per task. LOD=0.1 ng/ml·160 ml=16 ng;
LODvacuum=0.1 ng/ml·40 ml=4.0 ng; LODliquids=0.1 ng/ml. N number of measurements per task

Parameter N N >LOD Percentage
>LOD

AM GM Range Median volume (ml)
or total surface
area (cm2)

Preparation
CP solution used during preparationa (ng/ml) 26 26 100% 2.0Æ107 2.0Æ107 – 100 ml
Front edge safety cabinet (ng) 26 12 46% 95.1 20.9 8.0–1,597 1,170 cm2

Outside of infusion bag/syringe (ng) 20 5 25% 205.2 16.2 8.0–3,299 278 cm2

Handling urine
Urine (ng/ml) 26 26 100% 16,192 14,696 2,600–28,600 240 ml
Outer urinal/bedpan (before washing) (ng) 11 11 100% 395.9 153.9 16.0–1,378 1,400 cm2

Inside bedpan (after washing) (ng) 5 1 20% 13.8 10.9 8.0–36.8 925 cm2

Washing patient
Washing water (ng/ml) 28 28 100% 80.9 43.6 0.9–317.4 2,250 ml
Washing cloth (ng) 28 28 100% 5,625 2,135 36.8–31,152 560 cm2

Towel (100 cm2 section) (ng) 28 25 89% 1,303 436.2 8.0–7,936 4,416 cm2

Removing bed sheets
Pillowcase (100 cm2 section) (ng) 28 20 71% 258.7 97.8 8.0–910.4 5,082 cm2

Sheet: back of patientb (100 cm2 section) (ng) 28 21 75% 110.1 48.8 8.0–712.0 7,200 cm2

Sheet: abdomen of patientb (100 cm2 section) (ng) 28 22 79% 179.0 64.0 8.0–1,971 7,200 cm2

Vacuum samples: pillowcase (ng) 28 28 100% 434.9 142.2 6.0–3,057 5,082 cm2

Vacuum samples: sheet (2·100 cm2 sections) (ng) 28 28 100% 147.8 78.4 9.2–751.2 28,800 cm2

Cleaning toilet
Cleaning water (ng/ml) 11 4 36% 1.14 0.22 0.05–4.38 3,500 ml
Cleaning cloth (ng) 17 14 82% 6,939 1,171 8.0–43,991 1,600 cm2

Mop rod (ng) 5 3 60% 19.5 15.6 8.0–46.4 1,400 cm2

Toilet seat after cleaning (ng) 18 17 94% 1,920 458.5 8.0–8,234 1,900 cm2

aCP concentration in solution is based on the reported formulation by pharmacy technicians
bCorresponds to 1/4 of the bed sheet
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CP concentration in water used for washing a CP-
treated patient seemed to be moderately correlated with
CP levels found in bed sheets corresponding to the

patient’s back (r=0.56; P=0.002; N=28), bed sheets
corresponding to the patient’s lower abdomen (r=0.50;
P=0.007; N=28) and the vacuum sample taken from
the sheet (r=0.44; P=0.019; N=28). This indicates that
they share the same source of exposure (i.e. sweat of
patient) or might indicate that the washing of CP-treated
patients in bed could lead to transfer of CP contami-
nation from washing water to the bed sheets.

Discussion

This study has clearly shown that pharmacy technicians,
oncology nurses and cleaning personnel are potentially
dermally exposed to CP during the performance of their
daily duties. Exposure to CP occurred predominantly to
hands, and sporadically to the forehead and forearms.
Only oncology nurses appeared to be repeatedly exposed
to CP on the skin of hands. Highest actual dermal
exposure levels were found during the washing of CP-
treated patients and removal of their bed sheets. This is
due to the fact that gloves were generally not used
during these tasks. The use of gloves during the washing
of CP-treated patients significantly lowered the con-
tamination on the hands underneath gloves by a factor
of 4. During removal of bed sheets of CP-treated pa-
tients, the use of gloves lowered the contamination on
the skin of hands by only 1.6-fold. Although gloves were
worn by all nurses during handling of CP-treated

Fig. 1 Relationship between skin contamination with CP and
potential sources of CP exposure for pharmacy technicians in
hospital pharmacies during preparation of CP. Correlation
between boxes is illustrated by Pearson correlation coefficients

Fig. 2 Relationship between skin contamination with CP and
potential sources of CP exposure per task for oncology nurses on
oncology wards during nursing tasks. Correlation between boxes is
illustrated by Pearson correlation coefficients
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patients’ urine, bare hands underneath gloves were
repeatedly contaminated, even when CP was not de-
tected on gloves, suggesting that bare skin of hands
might not be contaminated through penetration of
gloves.

Although most CP contamination was found on the
hands, uncovered forehead and forearms of nurses and
cleaning personnel appeared to be contaminated spo-
radically. The task with the least contained sources of
exposure (washing patient) had most detectable samples
on the forehead and forearms, probably due to direct
contact with droplets of washing water. Also, the
cleaning of patients’ toilets sometimes resulted in CP
contamination on the forehead and forearms.

In this study several sampling techniques (gloves,
handwash, skin wipe and patches) were used to assess
dermal exposure. Since these methods have different
sampling efficiencies, direct comparisons should be
interpreted with caution. Surrogate skin sampling tech-
niques (gloves and patches) are known to overestimate
exposure. Therefore, exposure to forearms could have
been overestimated; however, only small amounts of CP
were detected on forearms. The possible overestimation
of glove contamination could have led to an overesti-
mation of glove protection. Furthermore, because the
entire gloves were analysed, the CP contamination could
have (partly) been on the inside of gloves and not on the
outside and would, therefore, reflect actual rather than
potential exposure to the hands. This indicates that ac-
tual exposure to the hands might have been somewhat
higher than presented here and glove protection levels
could have been overestimated. In addition, the cor-
recting of glove sample results for the low recovery
efficiency of glove samples (58%) could have potentially
resulted in an overestimation of the level of protection
from gloves. Therefore, the ratio was calculated between

the two different glove protections—unadjusted for the
recovery and adjusted for the 58% recovery—and ran-
ged from 0.73 (handling patients’ urine) to 0.96 (prepa-
ration of CP). So, although the adjustment for recovery
efficiency could have led to a small overestimation of the
glove protection level, the conclusion about poor pro-
tection from gloves during the handling of patients’ ur-
ine and removal of bed sheets and better protection from
gloves during preparation, washing patients and clean-
ing patient toilets, remains. The recovery of 58%, used
in this study, was determined in an earlier study (Sessink
et al. 1992a) using latex gloves of one specific brand
(Ansell Gammex pre-powdered sterile latex hypoaller-
genic surgical gloves). In our study, numerous different
glove types were used in the four hospitals. Thus, we
were unable to estimate the recovery efficiencies of all
these different glove types and, therefore, had to assume
that recovery efficiencies were equal between different
glove types, which might have resulted in some exposure
misclassification.

Bulk and surface contamination levels show that
multiple sources of exposure were present during all
observed tasks. Based on the correlation between der-
mal exposure levels and bulk and surface contamina-
tion levels and dermal exposure levels on the hands, the
pathway through which dermal exposure occurs per
task could be hypothesised for pharmacy technicians,
oncology nurses and cleaning personnel. During CP
preparation, the pathway through which dermal expo-
sure occurs appeared to be direct contamination from
the source (droplets from vials and syringes containing
CP, or from possible contamination on the outside of
vials (Mason et al. 2003) onto the gloves. During the
handling of urine, neither direct contact with the urine
nor contact with the contaminated outside of urinals or
bedpans seemed to be the route of dermal exposure,

Fig. 3 Relationship between
skin contamination with CP
and potential sources of CP
exposure for cleaning personnel
on oncology wards during the
cleaning of patients’ toilets.
Correlation between boxes is
illustrated by Pearson
correlation coefficients
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which suggests that dermal exposure during the han-
dling of patients’ urine probably occurs through acci-
dental splashes and, as such, has no direct relationship
to the source strength. During the washing of treated
patients, direct contact with the washcloth and contact
with the contaminated water and towel appeared to be
correlated with potential dermal exposure to the hands,
which corroborates the notion that continuous contact
with the contaminated cloth and immersion of the
hands in the water leads to dermal exposure on hands.
During the removal of bed sheets, the correlation be-
tween dermal exposure levels and CP levels in bed
sheets seemed to be reasonably good, which implies
that contact with contaminated bed linen could cause
exposure to CP. Interestingly, CP was detected in all
vacuum samples from pillowcases and bed sheets. It is,
therefore, conceivable that textile fibres (or other par-
ticles) contaminated with CP could become airborne
while bed linen is removed from treated patients’ beds.
This observation supports the findings in an earlier
study, where airborne levels of CP were detected in a
patient’s room in a nursing clinic, while administration
of CP had taken place somewhere else (Kromhout et al.
2000). During the cleaning of CP-treated patients’ toi-
lets, direct contact with the cleaning cloth seemed to be
the main route of dermal exposure.

The results are consistent with pilot study results
(Fransman et al. 2004), showing the same pattern of
dermal exposure to CP for pharmacy technicians,
oncology nurses and cleaning personnel during perfor-
mance of their daily tasks. Bulk and surface contami-
nation levels are consistent with pilot results in that they
confirm that patients intravenously treated with CP,
excrete CP unmetabolised via their excreta (i.e. urine,
sweat) the morning after the drug had been adminis-
tered. Glove contamination levels found during prepa-
ration of CP in this study were on average 8–25 times
lower than those found in earlier studies where similar
amounts of CP were prepared (Sessink et al. 1994b,
1997; Minoia et al. 1998), suggesting that better aware-
ness of pharmacy technicians working with anti-neo-
plastic agents has reduced potential exposure levels. This
is supported by the strong (25–6,000 times) reduction in
contamination of safety cabinets found during prepa-
ration in comparison with earlier studies (McDevitt
et al. 1993; Minoia et al. 1998; Connor et al. 1999).

In conclusion, pharmacy technicians, oncology nur-
ses and cleaning personnel are potentially dermally ex-
posed to CP during performance of their tasks.
Exposure occurred mainly to the hands and sporadically
to the forehead and forearms. The use of protective
gloves by pharmacy technicians during CP preparation
and by cleaning personnel during the cleaning of pa-
tients’ toilets seems to be successful in reducing actual
skin exposure underneath gloves. Effectiveness of gloves
during nursing tasks varied greatly between tasks and
appeared not to be sufficient for all tasks. Nevertheless,
there is good reason for using gloves while nursing pa-
tients treated with CP, because patients’ excreta (urine,

sweat) are highly contaminated with CP, and direct or
indirect contact with patients’ excreta (e.g. urine, sweat,
faeces, vomit) could, therefore, lead to significant
exposure. Because CP is found in the patient’s toilet and
room, labelling of treated patients’ toilets and treated
patients’ rooms seems to be essential, to indicate possi-
ble contamination with anti-neoplastic drugs and to
warn people before they enter those areas.
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